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NATIONAL FOREWORD 

This Indian Standard (Part 1/Sec 1 ) (First Revision) which is identical with IEC 60794-1 -1 (1 999) 'Optical 
fibre cables — Part 1-1 : Generic specification — General* issued by the International Electrotechnical 
Commission (IEC) was adopted by the Bureau of Indian Standards on the recommendation of the Fibre 
Optics Sectional Committee and approval of the Electronics and Telecommunication Division Council. 

This standard was first published in 1 993 and was identical with IEC 794-1 (1 993) 'Optical fibre cables — 
Part 1 : Generic specification'. IEC 794-1 (1993) has been revised and the revised version is splitted into 
two sections, namely, IEC 60794-1-1 (1999) 'Optical fibre cables — Part 1-1: Generic specification — 
General' and IEC 60794-1-2 (1999) 'Optical fibre cables — Part 1-2: Generic specif ication — Basic 
cable test procedures'. The revision of this standard has been taken up to align it with the latest 
international practices. 

The text of the IEC has been approved as suitable for publication as Indian Standard without deviations. 
Certain conventions are, however, not identical to those used in Indian Standards. Attention is particularly 
drawn to the following: 

a) Wherever the words International Standard' appear referring to this standard, they should be 
read as Indian Standard . 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 

Amendment 1 to the above International Standard has been printed at the end. 

CROSS REFERENCES 

In the adopted standard, reference appears to certain International Standards for which Indian Standards 
also exist. The corresponding Indian Standards which are to be substituted in their place are listed 
below along with their degree of equivalence for the editions indicated: 

International Standard Corresponding Degree of 

Indian Standard Equivalence 

IEC 601 89-1 (1 986) Low frequency IS 5608 (Part 1 ) : 1 991 Low frequency Identical 

cables and wires with PVC insulation cables and wires with PVC insulation 

and PVC sheath — Part 1 : General and PVC sheath: Part 1 General test 

test and measuring methods and measuring methods 

IEC 60874-1 (1993) Connectors for ISQC 210000 : 1994 Connectors for do 

optical fibre and cables — Part 1 : optical fibre and cables: Part 1 Generic 
Generic specification specification 

The concerned technical committee responsible for preparation of this standard has reviewed the 
provisions of the following International Publications and has decided that they are acceptable for use 
in conjunction with this standard: 

IEC 60331 (1970) Fire-resisting characteristics of electric cables 

IEC 60332-1(1993) Tests on electric cables under fire conditions — Part 1: Test on a single 

vertical insulated wire or cable 
f 
IEC 60332-3 (1 992) Tests on electric cables under fire conditions — Part 3: Tests on bunched 

wires or cables % 

{Continued on third covet) 
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Indian Standard 
OPTICAL FIBRE CABLES 

PART 1 GENERAL SPECIFICATION 
Section 1 General 

(First Revision) 

1 Scope and object 

This part of International Standard IEC 60794 applies to optical fibre cables for use with 
telecommunication equipment and devices employing similar techniques, and to cables having 
a combination of both optical fibres and electrical conductors. 

The object of this standard is to establish uniform generic requirements for the geometrical, 
transmission, material, mechanical, ageing (environmental exposure) and climatic properties of 
optical fibre cables, and electrical requirements where appropriate. 

Annex A contains information pertinent to short-distance links for many of the cables of this 
specification set. 

Annex B contains guidance for users of this specification set in procuring optical cables 
complient with these specifications. 

Annex C is a guide to the installation of optical fibre cables. 

2 Normative references 

2.1 The following normative documents contain provisions which, through reference in this 
text, constitute provisions of this part of IEC 60794. For dated references, subsequent 
amendments to, or revisions of, any of these publications do not apply. However, parties to 
agreements based on this part of IEC 60794 are encouraged to investigate the possibility of 
applying the most recent editions of the normative documents indicated below. For undated 
references, the latest edition of the normative document referred to applies. Members of IEC 
and ISO maintain registers of currently valid International Standards 

IEC 60189-1:1986, Low-frequency cables and wires with PVC insulation and PVC sheath - 
Part 1: General test and measuring methods 

IEC 60331 : 1970, Fire-resisting characteristics of electric cables 

IEC 60332-1:1993, Tests on electric cables under fire conditions - Part 1: Test on a single 
vertical insulated wire or cable 

IEC 60332-3:1992, Tests on electric cables under fire conditions - Part 3' Tests on bunched 
wires or cables 

IEC 60754-1 :1 994, Test on gases evolved during combustion of materials from cables - Part 1: 
Determination of the amount of halogen acid gas 

IEC 60754-2:1991, Test on gases evolved during combustion of electric cables - 
Part 2: Determination of degree of acidity of gases evolved during the combustion of materials 
taken from electric cables by measuring pH and conductivity 

IEC 60793-1-1:1995, Optical fibres - Part 1: Generic specification - Section 1: General 
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I EC 60793-1-2:1995, Optical fibres - Part 1: Generic specification - Section 2: Measuring 
methods for dimensions 

IEC 60793-1-3:1995, Optical fibres - Part 1: Generic specification - Section 3: Measuring 
methods for mechanical characteristics 

IEC 60793-1-4:1995, Optical fibres - Part 1: Generic specification - Section 4: Measuring 
methods for transmission and optical characteristics 

IEC 60793-1-5:1995, Optical fibres - Part 1: Generic specification - Section 5: Measuring 
methods for environmental characteristics 

IEC 60793-2:1992, Optical fibres - Part 2: Product specifications 

IEC 60811-1-1:1993, Common test methods for insulating and sheathing materials of electric 
cables - Part 1: Methods for general application - Section 1: Measurement of thickness and 
overall dimensions - Tests for determining the mechanical properties 

IEC 60874-1 : 1993, Connectors for optical fibres and cables - Part 1: Generic specification 

IEC 60885-1:1987, Electrical test methods for electric cables - Part 1: Electrical tests for 
cables, cords and wires for voltages up to and including 450/750V 

IEC 61034-1:1997, Measurement of smoke density of cables burning under defined conditions 

- Part 1: Test apparatus 

IEC 61034-2:1997, Measurement of smoke density of cables burning under defined conditions 

- Part 2: Test procedure and requirements 

IEC 61300-2-1:1995, Fibre optic interconnecting devices and passive components - Basic test 
and measurement procedures - Part 2-1: Tests - Vibration (sinusoidal) 

IEC 61300-2-2:1995, Fibre optic interconnecting devices and passive components - Basic test 
and measurement procedures - Part 2-2: Tests - Mating durability 

CEI 61300-2-4:1995, Fibre optic interconnecting devices and passive components - Basic test 
and measurement procedures - Part 2-4: Tests - Fibre/cable retension 

CEI 61300-2-5:1995, Fibre optic interconnecting devices and passive components - Basic test 
and measurement procedures - Part 2-5: Tests - Torsion/twist 

CEI 61300-2-6:1995, Fibre optic interconnecting devices and passive components - Basic test 
and measurement procedures - Part 2-6: Tests - Tensile strength of coupling mechanism 

CEI 61300-2-12:1995, Fibre optic interconnecting devices and passive components - Basic 
test and measurement procedures - Part 2- 12: Tests - Impact 

CEI 61300-3-1:1995, Fibre optic interconnecting devices and passive components - Basic test 
and measurement procedures - Part 3-1: Examinations and measurements - Visual 
examination 

CEI 61300-3-11:1995, Fibre optic interconnecting devices and passive components - Basic 
test and measurement procedures - Part 3-11: Examinations and measurements - 
Engagement and separation forces 
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2.2 References herein to the detail specification for cable attributes and parameters are 
intended to include the applicable other parts of this specification, the applicable family 
specifications contained therein, and the detail specification. Annex A of this specification 
contains such requirements for short distance links. 

3 Definitions 

Under consideration. 

4 Optical fibre cables 

Optical fibre cables, containing optical fibres and possibly electrical conductors, consist of the 
following types. 

4.1 Cables for direct burial 

4.2 Cables for installation in ducts 

4.3 Csbles for installation in tunnels 

4.4 Overhead cables 

4.5 Underwater cables for lakes, river crossings and fjords 

4.6 Indoor cables 

4.7 Portable cables 

4.8 Equipment cables 

4.9 Special purpose cables 

5 Materials 

5.1 Optical fibre material 

Optical fibres shall be uniform in quality and their characteristics shall meet the requirements of 
IEC 60793-1-1 and IEC 60793-2. 

5.2 Electrical conductors 

The characteristics of any electrical conductors shall be in accordance with the relevant IEC 
standards as stated in the detail specification. 

5.3 Other materials 

Material used in the construction of optical fibre cables shall be compatible with the physical 
and optical properties of the fibres, and shall be in accordance with the relevant IEC standards 
as stated in the detail specification. 

6 Cable construction 

The construction, dimensions, weight, mechanical, optical, electrical and climatic properties of 
each type of optical fibre cable shall be as stated in the relevant detail specification. 
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7 Measuring methods - General 

Not all tests are applicable to all cables. 

Intrinsic characteristics of optical fibres are normally not measured by cable manufacturers. 
The relevant values are provided by optical fibre manufacturers, and available as unitary or 
statistical values. 

If required, and as specified in the detail specification, tests may be carried out on aged 
samples. 



8 Measuring methods for dimensions 

The dimensions of the optical fibres, electrical conductors and cables shall be determined by 
subjecting samples to tests selected from table 1. The tests applied, acceptance criteria and 
number of samples shall be as specified in the detail specification. 

Table 1 - Measuring methods for dimensions 



Test method 


Test 


Characteristics covered by test method 


IEC60793-1-A1A 


Refracted near field (see note 1) 


Diameter of core (see notes 3, 4 and 5) 
Diameter of cladding 
Non-circularities 


IEC60793-1-A1B 


Transverse interference method 


Concentricity errors 


IEC60793-1-A2 


Near field light distribution (see note 2) 


Diameter of core (see notes 3, 4 and 5) 
Diameter of cladding 
Non-circularities 
Concentricity errors 


IEC60793-1-A3 


Side view light distribution for primary 


Diameter of primary coating 




coating 


Non-circulanty of primary coating 
Concentricity error of primary coating 


IEC 60793- 1-A4 


Mechanical diameter measurement 


Diameter of cladding 
Diameter of primary coating 
Diameter of buffer 
Non-circularities 


IEC 60793-1 -A6 


Delay of transmitted and/or reflected 
pulse 


Length of fibre 


IEC60793-1-C1C 


Backscattenng technique 


Length of fibre 


IEC 60189-1 


Mechanical 


Diameter of electrical conductor 


IEC 60811-1-1 


Mechanical 


Thickness of insulation 


IEC 60189-1 




Thickness of sheaths 
Overall dimensions 


NOTE 1 - The refracted near field technique is a direct applicatic 
index profile. This method gives the refractive index profile from w 
be calculated. 


)n of the core definition based on the refractive 
hich the dimensions and numerical aperture can 


NOTE 2 - With the near-field light distribution the dimensions 
profile, but are not strictly in accordance with the definition of the c 


obtained are correlated to the refractive index 
:ore diameter. 


NOTE 3 - For dimensions linked to the transmission part of s 
concentricity of mode field), see IEC 60793-1-4 


ngle-mode fibres (i.e. diameter of mode field, 


NOTE 4 - For practical reasons, the core diameter of single-mode 


fibres is not normally specified. 


NOTE 5 - A definition of the core diameter of single-mode fibres is 


under consideration. 
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9 Measuring methods for mechanical characteristics 

The mechanical characteristics of optical fibre cables shall be verified by subjecting samples to 
tests selected from table 2. The tests applied, acceptance criteria and number of samples shall 
be as specified in the detail specification. 

NOTE - Not all tests are applicable to all cables 

Table 2 - Measuring methods for mechanical characteristics 



Test method 


Test 


Characteristics covered by test method 


IEC60794-1-2-E1 


Tensile performance 




IEC 60794-1 -2-E2 


Abrasion 




IEC 60794-1 -2-E3 


Crush 


Mechanical strength 


IEC 60794-1 -2-E4 


Impact 




IEC60794-1-2-E13 


Shot-gun damage 




IEC 60794-1-2-E18 


Bending under tension 




IEC60794-1-2-E19 


Aeolian vibration* and galloping* 




IEC 60794-1 -2-E6 


Repeated bending 




IEC 60794-1 -2-E7 


Torsion 




IEC 60794- 1-2-E8 


Flexing 


Ease of handling 


IEC60794-1-2-E10 


Kink 




IEC60794-1-2-E11 


Bend 




IEC60794-1-2-E12 


Cut-through resistance 




IEC 60794-1-2-E14 


Compound flow 




IEC 60794-1-2-E15 


Bleeding and evaporation 




IEC 60794-1-2-E17 


Stiffness 




• Under consideration 



10 Measuring methods for electrical characteristics 

When electrical conductors are incorporated in an optical fibre cable, verification of various 
electrical characteristics may be necessary Typical tests are shown in table 3. The tests 
applied and the acceptance criteria shall be as laid down in the detail specification. 



Table 3 - Measuring methods for electrical characteristics 



Test method 


Test 


Characteristics covered by test method 


IEC 60189-1 
tEC 60885-1 


Conductor resistance 
Dielectric strength of insulation 
Insulation resistance 


Characteristics of insulated electrical 
conductors 



IS 13882 ( Part 1/Sec 1 ) : 2001 
IEC 60794-1-1 (1099) 

11 Measuring methods for transmission and optical characteristics 

The transmission and optical characteristics of optical fibre in cables shall be verified by 
carrying out selected tests from those shown in table 4. The tests applied and acceptance 
criteria shall be as specified in the detail specification. 

Table 4 - Transmission and optical characteristics of optical fibres 



Tut method 


Test 


Characteristics covered by the test method 


Test methods of multimode and single-mode fibres 


IEC60793-1-C1A 


Cut-back technique 


Attenuation 


IEC 60793- 1-C1B 


Insertion loss technique 




IEC 60793- 1-C1C 


Backscattermg technique 




IEC 60793-1 -A 1 A 


Refracted near-field method 


Refractive index profile 


IEC 60793-1 -A1B 


Transverse interference method 




IEC 60793- 1-A2 


Near-field light distribution 




IEC 60793- 1-C1C 


Backscattermg technique 


Point defects 


IEC 60793- 1-C4 


Transmitted or radiated light power 


Optical continuity 


IEC 60793- 1-C1C 


Backscattermg technique 




IEC 60793-1 -C5A 


Phase-shift method 


Chromatic dispersion 


IEC 60793-1 -C5B 


Spectral group delay measurement tn 
the time domain 




IEC 60793- 1-C10A 
IEC 60793- 1-C1 0B 


Transmitted power monitoring 
Backscattermg monitoring 


Change of optical transmittance during 
mechanical and environmental tests 


Test methods of multimode fibres 


IEC 60793-1 -C2A 


Impulse response 


Bandwidth 


IEC 60793-1 -C2B 


Frequency response 




IEC 60793-1 -C6 


Far-field light distribution 


Numerical aperture 


Test methods of single-mode fibres 


IEC 60793- 1-C3A 


Expandable drum 


Microbending sensitivity 


IEC 60793-1 -C3B 


Fixed diameter drum 




IEC 60793- 1-C 11 


Macrobending sensitivity 


Macrobending sensitivity 


IEC 60793-1 -C5C 


Differential phase shift 


Chromatic dispersion 


IEC 60793-1 -C60 


Interferometry * 




IEC60793-1-C7A 


Cut-off wavelength 


Fibre cut-off wavelength 


IEC 60793-1 -C7B 


Cable cut-off wavelength 

(jumper cable cut-off wavelength) * 


Cabled fibre cut-off wavelength 


IEC 60793-1 -C9A 


Direct far-field scan 


Mode field diameter 


IEC 60793-1 -C9B 


Variable aperture in the far field 




IEC 60793- 1-C9C 


Near-field scan 




* Under consideration. 
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12 Measuring methods for environmental characteristics 

The ability of optical fibre cables to meet environmental requirements without deterioration of 
their mechanical or optical properties shall be verified by subjecting samples to tests selected 
from table 5. The tests applied, the relevant temperatures and conditions, the number of 
samples and acceptance criteria shall be as stated in the detail specification. 

Table 5 - Measuring methods for environmental characteristics 



Test method 


Test 


Characteristics covered by test 
method 


lEC 60331 

lEC 60332-1; I EC 60332-3 
lEC 60754-1; 1 EC 60754-2 
lEC 61034-1; lEC 61034-2 


Fire performance 


Cable performance under fire 
conditions 


lEC 60794-1 -2-F1 


Temperature cycling 


Climatic characteristics 


lEC 60794-1 -2-F3* 


Sheath integrity 


Sheath defects 


lEC 60794-1 -2-F5 


Water penetration 


Resistance to water penetration 


lEC 60794-1 -2-F7 


Nuclear radiation 


Resistance to nuclear radiation 


lEC 60794-1 -2-F8 


Pneumatic resistance 


Gas pressurization 


lEC 60794-1 -2-F9 * 


Ageing 


Environmental exposure 


lEC 60794-1 -2-E5 


Stripping force stability of cabled 
optical fibres 


Fibre stripping 


* Under consideration. 



13 Measuring methods for cable element characterization 

The tests shown in table 6 are intended to characterize the different types of cable elements for 
splicing purposes. 



Table 6 - Measuring methods for cable element characterization 



Test method 


Test 


Chsractsristics covered by the 
test msthod 


IEC60794-1-2-G1 


Bend test for cable element 




lEC 60794-1 -2-G2 


Ribbon dimensions and geometry - 
visual method 




IEC60794-1-2-G3 


Ribbon dimensions - aperture gauge 




lEC 60794-1 -2-G4 


Ribbon dimensions - dial gauge 


Splicing 


lEC 60794-1 -2-G5 


Ribbon tear (separability) 




IEC60794-1-2-G6 


Ribbon torsion 




lEC 60794-1 -2-G7 


Tube Kinking 
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Annex A 

(informative) 



Guide for optical cables for short distance links 



A.1 General 

A. 1.1 Object 

This annex provides additional guidance relating to optical fibre cables for use in short distance 
links in communication equipment. It allows the establishment of uniform requirements for the 
geometrical, optical, transmission, mechanical and environmental properties of optical fibre 
cables. 

A.1 .2 Optical fibre categories 

Optical fibre cables used in short distance links shall be equipped with the following optical 
fibres: 

a) A2 category: for distances of several hundred metres up to 2 km; 

b) A3 category: for distances of a few hundred metres up to 1 km; 

c) A4 category: for distances up to 100 m. 

The characteristics of the optical fibres used shall be specified as stated in the relevant product 
specification. 

A.2 Measuring methods for dimensions 

NOTE - Measurements for optical fibre dimensions should be carried out using the methods specified in 
IEC 60793-1-2. 

A.2.1 Diameter measuring method 

The measuring methods for diameter dimensions are given in table 1 of this standard and are 
applicable for optical fibre cables for short distance links. 

A.2. 2 Length measurement 

This standard specifies two types of length measurements: either by mechanical means or by 
delay of transmitted and/or reflected pulses, as specified in IEC 60793-1-2. 

In the case of cable measurement on coil or reel, the second method (IEC 60793-1 -A6) can be 
used. Currently, a well-calibrated high resolution echometer or OTDR (optical time domain 
reflectometer) would allow a precision of a few centimetres over a length of 100 m to be 
reached, for example. 
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A.3 Measuring methods for mechanical characteristics 

When .the cable is to be used without end connectors, the tests described in this standard are 
applicable. 

When the cable is to be used with end connectors, tests are applied on the cable only and the 
combined tests on cable plus connector assembly are carried out according to IEC 61300 

A.3.1 Measuring methods for cable mechanical characteristics 

- Tensile performance (IEC 60794-1 -2-E1 ) 

- Abrasion (IEC 60794-1 -2-E2) 

- Crush (IEC 60794-1 -2-E3) 

- Impact (IEC 60794-1 -2-E4) 

- Stripping force stability (IEC 60794-1 -2-E5) 

- Repeated bending (IEC 60794-1 -2-E6) 

- Torsion (IEC 60794-1 -2-E7) 

- Flexing (IEC 60794-1 -2-E8) 

- Kink (IEC 60794-1 -2-E10) 

- Bend (IEC 60794-1 -2-E11) 

A.3. 2 Measuring methods for connector mechanical characteristics 

- Visual examination (IEC 61300-3-1) 

- Impact (IEC 61300-2-12) 

- Engagement and separation forces (IEC 61 300-3-1 1 ) 

- Mating durability (IEC 61300-2-2) 

- Vibration (IEC 61300-2-1) 

- Tensile strength of coupling mechanism (IEC 61300-2-6) 

- Fibre/cable retention (IEC 61300-2-4) 

- Torsion/twist (IEC 61300-2-5) 

A.4 Measuring methods for transmission and optical characteristics 

A.4.1 Attenuation 

The cut-back technique with modified launching conditions described in the note below gives 
accurate results on short-length fibres. 

However, in the case of short fibre or cable measurement, the contribution of measurement 
error cannot be ignored because short fibre or cable loss is very close to the measurement 
error. 

The insertion loss method can be used where accuracy is not important. 
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The high resolution backscattering technique as described in method IEC 60793-1 -C1C may be 
suitable for A2, A3 and A4 category fibres. 

NOTE - Non steady-state distribution: 

In cases where fibre lengths are such that steady-state distribution is not achieved, launching conditions different 
from steady-state distribution are appropriate. In every case, where launching conditions are substantially different 
from steady-state conditions over the length of fibre to be measured, it is not possible to obtain attenuation 
coefficient values, i.e. the power distribution is not length independent. The measurement of the attenuation value 
under particular conditions can be specified. In this case, the conditions should be reported, for example: 

a) wavelength of the source; 

b) spectral width; 

c) radiation diagram; 

d) length of fibre under test; 

e) coupling between source and fibre under test; 

f) specific launching conditions may be needed for other than attenuation measurements, for example full launch 
conditions as in 13.1 of IEC 60793-1-4. 

It is recommended to use: 

- a launching numerical aperture equal to or slightly greater than the maximum theoretical numerical aperture of 
the fibre under test, 

- a launching light spot equal to or slightly greater than the core diameter of the fibre under test. 

A generic launching arrangement to achieve the launching in short distance fibre is described in A.4.2. 

A.4.2 Launching conditions 

As the reproducibility of the numerical aperture (NA) and attenuation measurements of step 
index fibres is critical, a well-defined launching set-up is necessary. Such a set-up can be 
achieved by using commercially available optical components and shall have the capability of 
providing a wide range of spot sizes and launching NAs so as to cater for all types of fibres. 

A.4.2.1 Description 

The set-up produces the image of the source at the input end of the fibre under test. The 
diameter of the light spot and the maximum angle of the incident light at the input fibre end are 
respectively regulated by adjustable diaphragms 7 and 1 1 (figure A.1). 

The actual spot size can be determined by the video screen using the reflected light from the 
fibre end and the beam splitter 8 (it is thus possible to align the centre of the light spot onto the 
centre of the fibre core). Depending on the distance between the diaphragm 1 1 and the fibre 
end, the diaphragm is adjusted so as to obtain the desired maximum launching angle. Once 
this distance is fixed, its reproducibility is easily obtained because the fibre end has to be in 
focus on the video screen. 

For A4 fibre, in order to obtain attenuation measurement without length dependence, it is 
recommended that a mode scrambler (see figure A.2 and table A.1) be placed ^between the 
fibre to be measured and the diaphragm 11, and optical components 4, 6 to 9, 13, and 15 
should be removed from the set-up. The spot size should be greater than or equal to fibre core 
size and the launching NA greater than or equal to the maximum theoretical NA of the fibre to 
be measured. For numerical aperture measurements, further studies are needed. 
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A.4.2.2 Test conditions 

To obtain reproducible NA and attenuation values, it is necessary to specify the following: 

- spot size (percentage of the fibre core diameter); 

- launching NA (percentage of the theoretical NA of the fibre); 

- dimensions and number of turns of the mode scrambler, where appropriate. 
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Key 

1 Source (e.g. stip bulb 100 W) 

2 Lens (e.g. = 50,8 mm % F = 76,2 mm) 

3 Filter (e.g. = 50.8 mm, / = 850 nm ± 50 nm) 

4 Lens (e.g. ■ 50,8 mm, F = 76,2 mm) 

5 Chopper 

6 Lens (e.g. « 50,8 mm, F« 125 mm) 

7 Adjustable field diaphragm 

8 Beam splitter 



9 Lens (e.g. » 50,8 mm, F = 55 mm) 

10 Objective (e.g. F= 59 - 10,95) 

1 1 Adjustable field diaphragm 

12 Radiometer 

13 Video monitoring 

14 Detector 

15 Video screen 



Figure A.1 - Launching set-up 




Figure A.2 - Mode scrambler 
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Table A.1 - Mode acrambler parameters for launch teat 



Fibrt diameter 

mm 


Fibre length 

m 


Diameter of 
cylinders 

mm 


Distance between these 
two cylinders 

mm 


Number of 
"figure 8" turns 


1,00 


20 


42 


3 


10 


0,75 


15 


35 


3 


20 


0,50 


10 


32 


2 


40 



A.4.3 Baseband response 

As far as bandwidths are concerned, measurements by impulse techniques have been made 
on short lengths of A4 fibre. 

Similar measurements for A2 and A3 fibres will be studied later. 

A.4.4 Optical continuity 

For both methods mentioned in table 3, it is recommended to use the transmitted or radiated 
light power method for short length fibres (IEC 60793-1 -C4). 

A.4.5 Numerical aperture (NA) 

It is recommended to use the far field distribution method (IEC 60793-1 -C6) with the modified 
launching conditions proposed for the attenuation measurement. 

A.5 Measuring methods for environmental characteristics 

A.5.1 General 

When the cable is to be used without end connectors, the tests described in this standard are 
applicable. 

When the cable is to be used with end connectors, tests are applied on the cable only and the 
combined tests on cable plus connector assembly are carried out according to IEC 60874-1. 

A.5.2 Operating temperature range 

The usual temperature ranges encountered are as follows: 

- from -40 °C to +65 °C (terrestrial applications); 

- from -55 °C to +85 °C (civil aircraft); 

- from -55 °C to +125 °C (military cables); 

- from -55 °C to +260 °C (aeronautic cables). 

Appropriate fibre coatings shall be used. 
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A.5.3 Measuring mathoda for cablaa 



- Temperature cycling (IEC 60794-1 -2-F1) 

- Fire conditions (IEC 60331, IEC 60332-1 and 60332-3, IEC 60754-1 and 60754-2, 

and IEC 61034-1 and 61034-2) 

- Sheath integrity (IEC 60794-1 -2-F3) 

- Water penetration (IEC 60794-1 -2- F5) 

- Nuclear radiation (IEC 60794-1 -2-F7). 

A.5.4 Maaauring mathoda for connectora 

- Climatic sequence (IEC 60874-1, 4.5.20) 

- Salt mist (IEC 60874-1, 4.5.26, only for connectors with metallic parts) 

A.6 Reference document 

IEC 60794-2:1989, Optical fibre cables - Part 2: Product specifications 
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Annex B 

(informative) 



Guide to the procurement of optical fibre cablea 



B.1 General 

Procurement includes the entire process by which a purchaser can obtain optical fibre cables 
for a particular project. This process includes planning, selecting a product and vendor, pricing, 
arranging terms and conditions, issuing a proper contract or purchase order, ensuring timely 
delivery and acceptance, resolving problems and claims associated with such transactions, and 
quality assurance. 

The procurement process should also perform a service function, aiding in cost reductions, 
even though it does not directly generate revenues. It should provide both long- and short- 
range plans which meet the needs of the project in view of changes in technology, supply 
situations and market conditions. Procurement can make significant contributions by providing 
forecasting and planning information to product and market developers in terms of material 
availability, lead times, new sources of supply and technological innovations. 

This annex is concerned with methods and procedures that are useful for the procurement of 
optical fibre cables and is intended to apply to the procurement process in general. All of the 
methods and procedures described may not be applicable to every purchasing case. Different 
purchasers will balance the size and cost of vendor qualification and product testing processes 
against the volume of their purchases and available resources. 

B.2 Procurement steps 

The following procurement steps are included to provide a typical procurement cycle for optical 
fibre cables and to describe how the attached checklist is intended to be used. 

B.2.1 Planning criteria 

The first step in the process is establishing the criteria for the procurement of optical fibre 
cables and seeking preliminary information. 

B.2.1 .1 Optical fibre cable standards 

Wherever possible, the product specification to be agreed upon should refer to published local, 
national or international standards. Where none exists, the checklist shown in tables B.1 to B.6 
may be used to develop an appropriate procurement specification. 

B.2.1 .2 Request for information (RFI) 

Detailed information concerning specific parameters and features of the different vendor's 
products can be obtained by submitting an RFI to potential vendors. In the RFI the customer 
may give a brief account of the intended usage and key points of requirements as a reference 
to manufacturers for exact response. 
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RFI is often a preliminary step in the development of a procurement specification, but it is not 
an absolutely necessary procedure if the customer already has enough technical and 
commercial information about certain vendors. In this case the RFI can be simplified, as 
appropriate. The specification part of the RFI should contain a general statement of the work to 
be considered and specify only those parameters and requirements that are absolutely 
necessary. 

B.2.1 .3 Request for quotation (RFQ) 

Seeking and selecting qualified suppliers come after the RFI procedure and are a key aspect in 
the procurement process. In order to do this, responses to the RFI will come from potential 
vendors. The information received will result in further dialogue with the potential vendors and, 
ultimately, in a final procurement specification. Once the final specification has been agreed 
upon, an RFQ is issued in order to select the best possible source for optical fibre cables. 

B.2.2 Purchasing and evaluation criteria 

The evaluation of quotations should include consideration not only of price, but also of such 
factors as delivery, terms and conditions, service, freight costs, vendor's financial position, 
training and vendor quality rating. 

B.2.3 Contracts and purchaser orders 

A purchase award is usually made by issuing a contract or purchase order. This may vary in 
content so as to provide the most favourable conditions for the purchase. 

B.2.4 Quality and reliability assurance 

The basic responsibility for manufacturing products which conform to the purchaser's needs 
ultimately resides with the manufacturer. The ability of a manufacturer to meet his responsi- 
bility depends on the existence of an adequate quality management system, which includes an 
ability to design cables to meet all functional requirements, and of an adequate programme for 
monitoring processes and products during manufacture. 

B.2.5 Acceptance measurements 

An acceptable minimum testing schedule needs to be agreed upon between manufacturer and 
customer, and established by the time of the order. All inspectors should be well trained and 
have the proper tools and equipment with which to make a judgement. 

B.3 Optical fibre cable requirement checklist 

The following tables offer a checklist to assist in developing a procurement specification for 
optical fibre cables. The units for each entry will be found in the appropriate product 
specification for the fibre and/or cable. These tables may be used in the RFI, RFQ, and 
possibly have other uses. 

It should be emphasized that not all items in the following tables have to be specified. Over- 
specification can be costly and yet not provide any added value to the user. This is why the RFI 
and RFQ process should include enough repetitive steps to assure proper performance at the 
lowest practical cost. The checklist contains most items in as comprehensive a form as 
possible. When customizing this list for a particular application, all values and other information 
which are not necessary for satisfactory product performance should be deleted. 
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It is expected that this checklist will evolve into a procurement specification for a particular 
product. 

Table B.1 - Optical fibre cable requirement checklist - General requirements 



Fibre type: 
Number of fibres: 
Applications: 

Indoor: 

Outdoor: 

Category of fibre: 

Wavelengths: 

Temperature range: 

- storage: 

- installation: 

- use: 
Other comments: 

(For example: user's name (optional)) 



Cable construction (to be determined only after study of application and other requirements) 
Fibre protection: 

- loose buffer: 

- tight buffer: 

- slotted core: 

- other comments: 
Colour coding: 

Cable identification: 

- user's name: 

- manufacturer's name: 

- fibre type: 

- number of fibres: 

- year of manufacture: 

- length marking *: 
Metallic conductors: 
Outer protection/armouring: 

- metallic or non-metallic construction: 

- waterproof construction: 
Other comments: 



* First number is not necessarily zero. 
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Tabla B.2 - Checklist - Dimensional requirements 



Category of fibre (see IEC 60793*1-1, clause 3 and IEC 60793-2) 


Fibre dimensional requirements (see IEC 60793-1-2). 


Parameter 


Requirements/ 
specification 


Test method 


Comments 


Core diameter * 








Cladding diameter 








Core non-circularity • 








Cladding non-circularity 








Core/cladding concentricity 
error * 








Other parameters 


Coating diameter 








Buffer diameter 








Coating non-circularity 








Length of cable and 
tolerance 








Oiameter of electrical 
conductor 








Thickness of insulation 








Thickness of sheath 








Overall cable dimension 








* Only applies to multimode fibre (concentricity of mode field diameter (with respect to cladding) of single-mode 
fibre is given in table B 4b) 



Table B.3 - Checklist - Mechanical requirements 



Parameter 


Requirements/ 
specification 


Teat method 


Comments 


Tensile strength 








Crush resistance 








Impact resistance 








Repeated bending 








Torsion 








Flexing 








Kink 








Bend 








Other mechanical 
requirements 
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Table B.4a - Checklist - Transmission and optical requirements for multimode fibre in cable 



Parameter 


Operating 
wavelength 


Requirements/ 
specification 


Test method 


Comments 


Attenuation 










Backscattering 










Baseband 
response/bandwidth 










Numerical aperture 










Total dispersion 










Other requirements 











Table B.4b - Checklist - Transmission and optical requirements 
for single-mode fibre in cable 



Parameter 


Operating 
wavelengths 


Requirements/ 
specification 


Test method 


Comments 


Attenuation 










Backscattering 










Mode field diameter (MFD) 










Concentricity error 
MFD/cladding 










Chromatic dispersion 










Cut-off wavelength 










Other requirements 











Table B.5 - Checklist - Electrical requirements 
(only required for hybrid cables) 



Parameter 


Requirements/ 
specification 


Test method 


Comments 


Conductor resistance 








Dielectric strength of 
insulation 








Insulation resistance 








Other requirements 








Table B.6 - Checklist - Environmental requirements 


Parameter 


Requirements/ 
specification 


Test method 


Comments 


Temperature cycling 








Performance under fire 
conditions 








Sheath integrity 








Water penetration 








Nuclear radiation 








Other requirements 
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Annex C 

(informative) 



Guide to the installation of optical fibre cables 



C.1 General 

Optical fibre cabling provides a high performance communications pathway whose 
characteristics can be degraded by inadequate installation. This annex provides guidance to 
assist the user and installer with regard to the general aspects of the installation of optical fibre 
cables covered by the IEC 60794 series of specifications, and the particular aspects of the 
"blowing" technique. 

Optical fibre cables are designed so that normal installation practices and equipment can be 
used wherever possible. They do, however, generally have a strain limit rather lower than that 
of metallic conductor cables and, in some circumstances, special care and arrangements may 
be needed to ensure successful installation. 

It is important to pay particular attention to the cable manufacturer's recommendations and 
stated physical limitations, and not exceed the given cable tensile load rating for a particular 
cable Damage caused by overloading during installation may not be immediately apparent but 
can lead to failure later in its service life. 

This guide does not supersede the additional relevant standards and requirements applicable 
to certain hazardous environments, e g electricity supply and railways. 

C.2 Installation planning 

C.2.1 Installation specification 

The successful installation of an optical fibre cable can be influenced significantly by careful 
planning and assisted by the preparation of an installation specification by the user The 
installation specification should address the cabling infrastructure, cable routes, potential 
hazards, installation environment and provide a bill of materials and technical requirements for 
cables, connectors and closures. 

The installation specification should also detail any civil works, route preparation (including 
drawpits, ductwork, traywork and trunkmg) and surveytng that are necessary, together with a 
clear indication of responsibilities and contractual interfaces, especially if there are any site or 
access limitations. 

Post installation requirements for reinstatement, spares, ancillary services and regulatory 
issues should also be addressed. 

C.2.2 Route considerations 

Whilst optical fibre cables are lighter and installed in longer lengths than conventional metallic 
cables, the same basic route considerations apply 
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Route planning and cable handling methods must carefully take into account the specified 
minimum bending radius and maximum tensile loading of the particular optical fibre cable being 
installed so that fibre damage, giving rise to latent faults, can be avoided. 

Some of the most difficult situations for the installation of optical fibre cables are in 
underground ducts and the condition and geometry of duct routes is of grlat importance. 
Where the infrastructure includes ducts in poor condition, excessive curvature, or ducts already 
containing cables or access points with abrupt changes of direction, the maximum pull distance 
will be reduced accordingly. 

Provision of long cable lengths in underground duct or aerial situations may involve installation 
methods that require access to the cable at intermediate points for additional winching effort, 
or "figure 8 N techniques, and these sites should be chosen with care. Consideration should also 
be given to factors of time and disturbance. Installation equipment may be required to run for 
long periods of time, and the time of day, noise levels and vehicular traffic disruption should be 
taken into account. 

Because the condition of underground ducts intended for optical fibre cables is of particular 
importance, care should always be taken to ensure that ducts are in sound condition, and as 
clean and clear as possible. Consideration can also be given to the provision of a subduct 
system, either in single or multiple form, to provide a good environment for installation, 
segregation of cables, extra mechanical protection and improved maintenance procedures. 
Subducts can be more difficult to rope and cable than normal size ducts, particularly over long 
lengths, and the diameter ratio between the cable and subduct should be considered. 

For overhead route sections, a very important consideration is the need to minimize in-service 
cable movement. Movement of the cable produced by thermal changes, cable weight, ice 
loading, wind, etc. may have a detrimental effect. A stable pole route, with all poles set as 
rigidly as possible, is therefore an important element in reducing possible movement, and 
consideration should be given to purpose-designed, optical fibre-compatible, pole top fittings 
and attachments. 

Although optical fibre cables are generally light in weight, their addition to an existing 
suspension member can take the optical fibre beyond its recommended strain limit, and the 
added dip and extension should be calculated before installation. 

Where it is planned for long lengths of optical fibre cable to be directly buried or ploughed, 
those sections involving ploughing can, with advantage, be pre-prepared using specialized 
slitting or trenching equipment. 

C.2.3 Cable installation tension predictions 

The potential for providing very long lengths of optical fibre cable can lead to the need for 
confidence that a particular installation operation will be successfully achieved, particularly in 
underground ducts, and a good indication can be provided, in some cases, by calculating the 
maximum cable tension. This maximum tension can be compared with the stated mechanical 
performance of the cable and, where these values are close, consideration can be given to 
methods for providing a greater margin of safety such as an alternative cable design, 
shortening the route, changing the route or direction of cabling, provision of intermediate 
winches, or by taking special precautions at particular locations. Calculation considerations are 
indicated in figure C.1. 
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C.2.3.1 Maximum cabling tension 



The following main contributory functions need to be considered when calculating cable 
tensions: 

- the mass per unit length of cable; 

- the coefficient of friction between cable sheath and surfaces with which it will come in 
contact; 

- deviations and inclinations. 

The routes and common tension formulae in figure C.1 can be used as an example- 



Pulling end 



1 in 10 up 




1 in 6 up q 



7 = tension at end of section (N) 

7 = tension at beginning of section (N) 

/I = coefficient of friction (between cable and duct or guide) 

/ = length of section (m) 

w = cable specific mass (kg/m) 

= inclination (radians, + up, - down) 

or deviation (radians, horizontal plane) 
g - acceleration due to gravity (9,81 m/s ? ) 
Equation 1 (for straight sections) 7=7", + ^ilwg 

Equation 2 (for inclined sections) 7=7", + Iwg (/icos 6 + sin 6) 
Equation 3 (for deviated sections and bends) 7=7, e* 10 

Figure C.1 - Cable tension calculations 

C. 2.3.2 Total tension 

Total tension can be calculated on a cumulative basis working through each section from 
one end of the route to the other, as indicated in table C.1 (for this example, ^ = 0,55 and 
w= 0,92 kg/m). 
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Table C.1 - Calculation for total tenaion 



Section 


Length 


Tension at 

beginning of 

section 

Ti 


Inclination 


Oeviation 


Equation 


Tension at 

end of 

section 

(cumulative) 

T 




m 


N 


rad 


rad 




N 


A 


- 





- 


- 


- 





A-B 


250 





0,100 


- 


2 


1 460 


B 


- 


1 460 


- 


1,571 


3 


3 464 


B-C 


160 


3 464 


0,165 


- 


2 


4 484 


C 


- 


4 484 


- 


- 


- 


4 484 


C-D 


100 


4 484 


- 


- 


1 


4 980 


D 


- 


4 980 


- 


- 


- 


4 980 


D-E 


20 


4 980 




0,785 


3 


7 669 


E 


- 


7 669 


- 


- 


- 


7 669 


E-F 


60 


^ 7 669 


- 


- 


1 


7 967 


F 


- 


7 967 




0,524 


3 


10 628 


F-G 


200 


10 628 


-0,124 


- 


2 


11 390 


NOTE - Where more than one cable per duct is installed, tension can be greatly raised and it is necessary to 
take account of this by applying a factor before the deviation calculation Factors vary with the number of 
cables, sheath/cable materials, cable/duct sizes cable flexibility, etc Values can be in the order of 1,5 to 2 for 
two cables, 2 to 4 for three cables and 4 to 9 for four cables 



C.2.4 Ambient conditions 

Ambient conditions may affect installation procedures and it is good practice to install optical 
fibre cables, particularly in long lengths, only when the temperature is within the limits set by 
the particular cable manufacturer. 

The mechanical properties of optical cables are also dependent on the temperature and the 
materials used in their construction. Typically, cables containing PVC in their construction 
should not be installed when their temperature is below °C, whilst cables incorporating 
polyethylene can be installed when their temperature is down to -15 °C For most cables, the 
upper installation temperature limit is 50 °C. Unless special measures are taken, cables should 
not have been exposed to temperatures outside the specified installation temperature range for 
a period of 12 h prior to installation 

C.2.5 Information and training 

Methods and practices used in the handling of optical fibre cables during installation can, 
without producing any immediately obvious physical damage or transmission loss, affect their 
long-term transmission characteristics. 

Technicians involved in installation procedures should be made fully aware of the correct 
methods to employ, the possible consequences of employing incorrect methods, and have 
sufficient information and training to enable cables to be installed without damage to fibres. 
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In particular, installation crews should be made aware of minimum bending criteria, and how 
easy it is to contravene these when installing by hand. 

C.3 Cable installation methods 
C.3.1 General considerations 

Optical fibre cables can be installed using the same or similar general methods employed for 
metallic cables, but with more attention required for certain aspects such as long lengths, cable 
bending and cable strain, and it may be necessary to employ particular methods and equipment 
in some circumstances. Optical fibre must be protected from excessive strains, produced 
axially or in bending, during installation and various methods are available to do this. The aim 
of all optical fibre cable-placing methods and systems should be to install the cable with the 
fibre in as near as possible strain-free condition, ready for splicing. 

Other general precautions: 

- delivery of cable to site should be monitored to ensure that no mechanical damage occurs 
during off-loading from vehicles; 

- storage conditions should be suitable, taking into account mechanical and environmental 
considerations; 

- documentation should be checked to ensure that the cable delivered is in accordance with 
the procurement specification; 

- suitable protective caps should be fitted to the exposed ends of the optical cable. End caps 
should be handled carefully to avoid damage during installation, and any damaged caps 
should be repaired or replaced. 

C.3.2 Safety in confined spaces 

During the installation of optical fibre cables, it may be necessary to work in confined spaces 
such as manholes, underground passageways, tunnels, cable ways and areas where air 
circulation is poor or where entry and exit are difficult. 

Where the possibility of working in confined spaces exists, it is necessary to consider any 
health and safety hazards that may be present, such as explosive, asphyxiating or toxic gases, 
lead, asbestos etc., and ensure that any additional safety equipment and/or instruction are 
provided prior to the commencement of work. 

C.3.3 Pre-installation procedures 

Before installation commences, the installer should carry out the following checks: 

- establish that the routes defined in the installation specification are accessible and 
available in accordance with the installation programme. The installer should advise the 
user of all proposed deviations; 

- establish that the environmental conditions within the routes and the installation methods to 
be used are suitable for the design of the optical cable to be installed; 

- determine any measures necessary to prevent the optical fibre within the optical cable 
experiencing direct stress following installation. Where long vertical runs are proposed, 
optical cables may need to deviate from the vertical at intervals as recommended by the 
manufacturer (by the inclusion of short horizontal runs, loops or support arrangements); 
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- determine the proposed locations at which drums (or reels) are to be positioned during the 
installation programme, and establish the accessibility and availability of those locations; 

- identify the proposed locations of service loops, and establish their accessibility and 
availability in accordance with the installation programme; 

- ensure that all necessary installation accessories are available; 

- identify proposed locations of closures, and establish their accessibility and availability in 
accordance with the installation programme. 

The closures should be positioned so that subsequent repair, expansion or extension of the 
installed cabling may be undertaken with minimal disruption and in safety. 

C.3.4 Installation of optical cables in underground ducts 
C.3.4.1 Application 

A typical underground duct installation is shown in figure C.2. 

C.3.4.2 Cable overload protection methods 

Where all actions and precautions have been taken to protect the cable and its fibres from 
excessive load as far as suitability of route, guiding etc. are concerned, there still remains the 
possibility, in the dynamics of an installation operation, for high loads to be applied to the cable 
and it may be advisable to provide a cable overload prevention mechanism. There are two 
classes of devices to provide this protection: those situated at the primary or intermediate 
winch and those at the cable/rope interface. Those at the winch include (depending on winch 
type) mechanical clutches, stalling motors and hydraulic bypass valves which can be set to a 
predetermined load and dynamometer/cable tension monitoring type systems to provide 
feedback for winch control. Those at the cable/rope interface include mechanical fuses (tensile 
or shear) and sensing devices to provide winch control information. All these systems have a 
common aim of limiting or stopping the winching operation when loads applied on the cable 
approach a damaging level. 

C.3.4. 3 Cable bending and guiding systems 

To avoid subjecting cables and optical fibres to unacceptable bending stresses, the cable 
manufacturer's recommendations regarding bending diameters should be observed during 
pulling and installation. Guiding equipment should be used at bends in the cable route and at 
duct entrances so that the minimum bending diameter recommended for the particular cable 
type is observed. 

Bending optical fibre cable under tension during installation should be undertaken with care. 
Guiding systems and equipment should be examined for their suitability for purpose, and cable 
manufacturers' stated bending criteria should be properly take into account. In general, a 
•minimum bending diameter of around 20 times the cable diameter is considered appropriate, 
but when the cable is installed under tension it is suggested that this ratio may be doubled. 
Most guiding equipment can be used for both optical fibre and metallic cables, but long length 
placing may require many guiding elements and these elements should all have properties of 
lightness and low friction. 
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C.3.4.4 Winching equipment and ropes 



Provided the need for overload protection is borne in mind, most normal, speed-controlled 
cable Winching equipment and systems are suitable for installing optical fibre cables in ducts. 
These systems include end-pull winches, with various types of primary mover, intermediate 
winches for longer length schemes and, where necessary, powered cable feeding equipment. 
Where intermediate winches (capstan or caterpillar) and/or powered cable feeding equipment 
are used, a method of synchronization, preventing excessive fibre strain, should be employed, 
and it should be borne in mind that some intermediate capstan type winches can introduce a 
twist into the cable. Ropes or lines of low specific weight and having a high modulus of 
elasticity are necessary for optical fibre cabling. Placing long lines or ropes can be difficult but 
can usually be accomplished by using normal installation methods successively. Lines or ropes 
must be placed with care where there are already optical fibre cables in a duct and knots must 
be avoided. 

Cable winches should be capable of providing varying rope speeds, particularly with regard to 
low starting speeds, and should be equipped with a calibrated winch-line dynamometer (or a 
tension sensor or mechanical fuse can be fitted at the beginning of the cable). The maximum 
installation force shall be limited to the safe working load of the cable as measured at the 
winch-line dynamometer or at the tension sensor at the beginning of the cable. The winch shall 
be provided with a tripping device that automatically stops the winch if the installation force 
exceeds the preset tension limit. If a mechanical fuse is used, it shall be designed to break at 
the maximum safe working load of the cable. 

If a capstan type intermediate puller is used, the diameter of the capstan should be greater 
than or equal to the minimum bending diameter of the cable. 

To reduce twisting during installation, the pulling end of the cable can be connected to the end 
of the winch rope via a twist compensation device, for example a rotary shackle or a rope 
socket with a swivel. When pulling the cable with a winch, the pull should be started with a low 
rope speed. The pulling speed can be gradually increased up to the maximum speed of 75 
m/min when there is no danger that the maximum permissible tensile loading for the cable will 
be exceeded. 

Factory-fitted pulling eyes should be capable of pulling a cable at its rated tensile load without 
failure. If the cable is not already provided with a pulling eye, a cable sock-type grip shall be 
fitted to the pulling end of the cable, whose eye shall be fitted to the winch rope by means of a 
rotary shackle, and whose minimum safe working load is greater than the maximum allowable 
cable tension. The cable grip can be fitted directly onto the outer jacket when the latter is 
secured internally to the strength members. Strength members which are not sufficiently 
coupled to the outer jacket shall be provided with a connection for high tensile loading when 
such loading is anticipated. 

Pulling eyes and cable grips should not pass around capstans or pulleys whilst the cable is 
under tensile load. 

C.3.4.5 Cable friction and lubrication 

Special attention should be paid to friction and lubrication when installing optical fibre cables. 
The friction forces which must be overcome are related to several factors, primarily the 
materials and finishes of the cable sheath, duct, cabling rope or line and guiding elements, and 
all can contribute significantly to the total installing force required. Lubrication can have 
beneficial effects in reducing the total installing force needed, and attention should be paid to 
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both the rope/duct and cable/duct interfaces, and steps taken to ensure that the rope/cable 
attachment point presents a smooth profile. Any lubrication system employed must have long 
term compatibility with the cable, rope and duct material and be safe from an occupational 
health point of view. 

C.3.4.6 Cable handling methods to maximize installed lengths 

Where it is not possible, because of load limitations, to install long length optical fibre cables 
using a single end-pull, it may be necessary to employ a method of dividing the load along the 
cable length, and this can be done, depending on circumstances, by either static or dynamic 
methods. 

The most common static method is known as the "figure 8" system. This procedure requires 
that the cable drum be placed at an intermediate point and the cable drawn in one direction of 
the route using normal end-pull techniques. The remaining cable is then removed from the 
drum and laid out on the ground in a figure of eight pattern. The winch is then moved to the 
other end of the section and the laid out cable is drawn in using the same end-pull method. 
This method requires appropriate space at the figure 8 point. 

Dynamic load sharing is more complicated and requires more equipment and setting up; 
however, it has the advantage of allowing installation in one direction straight from the drum. In 
this process, special cable winches or urgers are employed at intermediate points and the 
maximum load on the cable is related to the distance between these intermediate points. It 
should be borne in mind that, with intermediate winching, all the installing forces are 
transmitted through the cable sheath and the design of a particular cable placed by this method 
should take this into account. Intermediate or distributed winching systems require good co- 
ordination, synchronization and communication between the intermediate points. Capstan-type 
intermediate winches may introduce additional cable twisting. 

Hand-pulling methods can be employed at intermediate points on long length optical fibre cable 
installation but great care must be taken to ensure that specified bending and other mechanical 
criteria are not contravened. 

C.3.4.7 Jointing length allowance 

It is important, when installing optical fibre cable lengths in underground ducts, to make proper 
arrangements for an adequate extra length of cable at the access point for testing and jointing. 
This additional length, at each end of the cable, is normally greater than that allowed for 
metallic cables, and should not include that part of the cable used for the rope attachment 
which is not suitable for jointing. The additional length may be established by the splice or 
closure manufacture, or by the splicing procedure, especially if the splicing is carried out in an 
adjacent vehicle. 
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Figure C.2 - Optical fibre cabling in an underground duct 

C.3.5 Installation of aerial optical cables 

C.3.5.1 Application 

Composite overhead ground wires with optical fibres (commonly known as OPGW) are 
excluded from the scope of this guide. 

A typical application covered by the scope is shown in figure C.3 

C.3.5. 2 Installation methods 

In general, the methods used and considerations made in the installation of metallic aerial 
cables can and should be employed for optical fibre aerial cables These include the normal 
practices of lashing or attaching hanger rings to a pre-provided tension strand, self-supporting 
systems, lashing to an existing aerial cable or, with a special design of cable and equipment, 
using the optical fibre cable itself as the lashing medium The mechanical stresses and 
therefore the strain experienced during aerial cabling are generally less than those induced 
during underground placing and, in a mixed underground/overhead route, the underground 
cable may be used for overhead sections. 

Where end-pull and/or intermediate pullers are used, care should be taken to ensure there are 
sufficient devices of adequate power available to pull the very long continuous sections 
possible on aerial routes. 

C.3. 5.3 Cable protection methods 

In general, where end-pull or distributed pull methods are used, the various methods as m 
underground duct installations (see C 3 4) to protect the cable from excessive strain during 
installation may be employed for aerial cables, and it is good practice also to ensure that cable 
back-tension is always carefully controlled. 

Where lashing to pre-tensioned support wire or existing metallic cable is employed, the optical 
fibre aerial cable must be constructed to withstand lashing The lashing-wire tension must be 
controlled. Care must be exercised when handling cable in aerial route installations 
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C.3.5.4 Winching and guiding systems 

Provided the need to protect from overload and overbendmg is borne in mind, most normal 
aerial cable installation winching equipment including end-pull winches, controlled cable 
feeding devices, etc. can be used. For long length installations where end-pull or distnbuted- 
pull systems are used, it is important that proper guiding equipment is provided at positions 
where sharp changes of direction occur, and every effort made to ensure pulhng-in at even 
speed 

C.3.S.5 Methods to maximize lengths 

Where relatively unrestricted access to the route exists, it is feasible in many cases to install, 
using a variety of normal methods, very long lengths of aerial optical fibre cable, the mam 
limitation being only the capacity of the cable drum. However, where road or other crossings 
are involved and extra splices are not acceptable, a system of pulling through this section must 
be devised. Also, where winching methods are used, cumulative friction effects limit the 
installation length and, as with underground systems, intermediate winching systems may be 
employed. 

C.3.S.6 Jointing length allowance 

It is important when installing aerial optical fibre cable lengths to make proper arrangement for 
an adequate extra length of cable at the pole position for testing and jointing. This length at 
each end of the cable must be sufficient to enable construction of joints and sheath closures at 
a convenient work position, and it may be necessary to allow extra length for ground level 
operations. 

C.3.5.7 In-service considerations 

Care should be taken during cable installation to minimize fibre strain and, with aerial routes in 
particular, steps are necessary to ensure that strain levels remain within the manufacturer's 
recommendations during service All types of movement, whether produced by cable weight, 
thermal changes, ice loading or wind, produce strain and must be taken into account and 
minimized where possible. In particular, proper optical-fibre pole fittings to provide movement 
damping over a longer length than metallic types should be employed. 
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Figure C.3 - Aerial cable installation 
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C.3.6 Installation of buried cables 

C.3.6. 1 Installation methods 

Normal, buried cable installation methods, including ploughing (direct, vibratory or winched), 
trenching and moling can, in general, be used for direct burial of optical fibre cables, provided 
the cable is specifically designed for this type of application. The same depth of cover as for 
metallic cables is usually adequate, but traffic capacity or other considerations of security may 
indicate a requirement for greater depth Where a trench method is used, back filling materials 
and practices may require particular consideration so that fibre strain limits are not reached 
during this operation 

C.3.6. 2 Cables in trenches 

When installing cables in trenches, the following precautions should be observed 

- The bottom of the cable trench shall offer a firm base such as compacted soil and be free 
from stones If stones are present, an approximately 15 cm high layer of sand or finely 
sieved granular soil should be added 

- Installation depths (to the foot of the trench) are shown in table C 2 and reflect the risk 
associated with the application and the cost of replacement 

- The direct burial of cables under roadways in the longitudinal direction is permitted only in 
exceptional cases At the crossings of roadways or installations longitudinally under roads, 
cables shall be protected by a cable conduit. When cables run almost parallel to a road, the 
conduit between trenches should cross the roadway at an angle of about 45° in order to 
reduce the pulling forces 

- When the cable trench is free of obstacles and where local conditions allow, the cables can 
be unrolled from the cable transport trailer driven along the trench and laid in the trench 
The unrolling of the cable from the coil should correspond to the forward movement of the 
vehicle and a suitable braking device can ensure that not too much cable is unrolled As it 
is unrolled, the cable should be moderately tensile loaded, in order to straighten it on the 
bottom of the trench 

- If, because of location conditions, the cable is laid on the ground prior to trenching, the 
cable should be laid out in sufficiently large curves, to ensure that no undue bends, twists, 
kinks, compression or abrasions occur 

- If the cable is drawn into a cable trench using a cable winch, cable rollers and corner rollers 
shall be provided in sufficient quantity to ensure that the cable does not graze the foot of 
the trench or trench walls and will not be exposed to unacceptable bending stress during 
installation The installation tensile force shall be limited to the safe working load of the 
cable 

- Special measures shall be taken in areas where earth settling may occur In areas where 
cables enter buildings or conduits there is the danger that cables could be kinked or 
sheared off in the building or conduit if the soil surrounding the cable settles Such 
damages can be prevented by precautionary measures such as making cable loops, 
padding, junction boxes or compacted backfill. 

- Stone-free or slag-free filler (earth or sand) may be tipped onto the cable lying flat on the 
foot of the trench up to a depth of at least 15 cm above the cable, and lightly tamped and 
levelled 

- Sand-encased cables in built-up areas or in areas of increased hazard can be protected 
against damage with cable protection covers or cable cover plates 
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- When the cable trench is filled, compacting machinery shall be employed only when 
coverage of the cable is at least 30 cm deep. For filling cable trenches within roadway 
zones, compliance with local regulations should be ensured. 

- A warning strip of corrosion-proof material, e.g. soft PVC, should be placed at a distance of 
30 cm to 40 cm above the cable. 

Table C.2 - Minimum installation depths 



Application 


Installation depth 

m 


High data rate / heavy concentration (trunk) 


0,8 


Medium data rate / medium concentration (distribution) 


0,6 


Low data rate / low concentration (service / drop) 


0.5 


NOTE - The installation depth may be shallower in certain locations, where particular obstacles or ground 
conditions cause considerable difficulties and where there are no justifiable objections. Where depths are less 
than as shown above, the cables shall be provided with special protection (e.g. by means of a cable conduit). 



C.3.6.3 Installing cables by ploughing 

When ploughing methods are used, the design of the guiding equipment between the cable reel 
and the cable laying guide must take careful account of specified cable bending criteria and 
have a low friction value to prevent fibre overstrain. Cable tensile overload protection systems 
are not normally necessary, but where a large ploughing machine is used and there are driven 
cable reels and guide wheels, a tension device can be incorporated. In-service mechanical 
protection at road or service crossings or in situations of high vulnerability may be felt to be 
necessary. 

Generally a ripping pass or passes should be made to ensure that the path is clear and the 
required depth can be attained. The minimum cable depth is as shown in table C.2. 

A warning strip of corrosion proof material, e.g. soft PVC, should be laid simultaneously at a 
distance of 30 cm to 40 cm above the cable. 

C.3.6.4 Methods to maximize lengths 

Provided proper preparations are made, the direct buried installation of optical fibre cables is 
normally only limited by obstructions and, to a lesser extent, by the reel capacity. However, 
where some parts of a long length ploughed installation involve difficult ploughing through 
stony or rocky sections, preparation by trenching can be beneficial. A moving reel technique 
may also be used to maximize lengths installed. 

C.3.6.5 Jointing length allowance 

It is important, when installing directly buried optical fibre cables, to make proper arrangement 
for an adequate extra length of cable at both ends of a section for testing and jointing. This 
length must be sufficient to enable construction of joints and sheath closures at a convenient 
work position. 
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C.3.7 Installation in special situations 

C. 3.7.1 Tunnel and building lead-in 

Winching optical cable by end-pull or distributed methods in tunnel or building leads-ins can be 
considered a special case of cabling in duct, and the methods and considerations indicated in 
C.3.4 apply. However, where cable is laid out and manhandled onto trays or bearers, care must 
be taken to ensure that support geometry and handling operations do not contravene specified 
bending criteria. Cleating and fixing systems must be suitable for use with optical fibre cables. 

C.3.7. 2 Building risers 

Optical fibre cabling in the vertical risers of buildings can be accomplished using normal 
placing methods, but care should be taken to ensure that fixing and cleating systems are 
designed specifically for this type of cable and do not transmit stress to the fibre. 

C.3.7. 3 Bridges 

The normal considerations for placing metallic cables also apply to optical fibre cables but with 
additional care required to counter cable movement in steep approach sections or vertical 
sections. This type of movement, which can be produced by traffic vibrations, could lead to 
excessive fibre strain and suitable cable restraints should be used. 

C.3.7.4 Underwater 

Where it is necessary to place an optical fibre cable underwater in river crossings or in lakes, 
the cable must be constructed for this purpose. A continuous length should be provided where 
possible to avoid underwater joints. In addition, the gradient of the cable route down the river 
bed or lake shore should be as gentle as possible to avoid the fibre moving within the cable. 
Underwater cables can be subjected to large degrees of movement on all planes, producing 
fibre overstrain, and measures to restrict this movement by the use of trenching, sandbagging, 
ducts, etc., should be taken. 

C.3.8 Installation of indoor cables 

C.3.8.1 General considerations 

Within buildings, various types of optical fibre cable construction can be used, and it is 
important to ensure that the most appropriate type for each part of the indoor network is 
employed. It may be that the bending criteria of the incoming cable are more stringent than for 
internal types and it may be advantageous, where possible, to site line-terminating equipment 
near the building cable entry or a cable riser. 

C.3.8. 2 Cable routing 

Where cables are routed along the floor, a short straight route is preferable with the cable 
passing through rather than around walls to avoid sharp bends. For withm-floor installation, 
computer type flooring is normally satisfactory. Non-ruggedized cable is best run in trunking or 
trays, but care must be taken to ensure that turning points are properly constructed so that 
cable bending criteria can be complied with. For conduit installations, cables should be drawn 
in and not pushed in so as to avoid the risk of kinking. 
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Where a cable is fitted directly to walls, care must be taken to ensure that proper cleats and 
straps are used and that they are not overtightened. Much internal optical fibre cable placing is 
done manually and the attendant risk of fibre overstrain during this handling should be borne 
in mind. 

Fire-ducts, gas seals, floor passages and building entry ducts installed or opened during the 
installation should be sealed in an approved manner in order to prevent ingress of gases, water 
or foreign materials. The integrity of all barriers should be retained. 

C.3.8.3 Confined apacee 

Where the possibility of working in confined spaces exists, the precautions given in C.3.2 
should be observed. 

C.3.9 Blown systems 

In blown systems, the network infrastructure is created by installing, by the most appropriate 
cabling method, one or a group of empty plastic tubes. Subsequently, as and when circuit 
provision is required, fibres or cable can be blown by compressed air into the tubes. Generally 
the fibres are specially packaged or buffered. 

There are several types of blown systems, but in general, all require the correct combination of 
fibre or cable, tube and blowing method. The manufacturer's recommendations should be 
followed closely, not only during the installation of the tube and fibre or cable, but also when 
planning the route, taking into account the maximum route length, the number of bends and the 
distance between bends. 

Installation is usually carried out in two phases, first the installation of the tube infrastructure 
and second the installation of the fibre. 

C.3.9.1 Tube installation 

Indoor tubes and tubes for blown fibre systems are generally lightweight and the routes 
relatively short, so the installation does not require the use of pulling or winching equipment 
and average lengths can be installed by hand. 

Outdoor tubes may be more substantial, heavier or larger than indoor tubes and are installed in 
longer lengths. They can be installed using standard laying procedures. 

Some tubes may require special handling procedures to preserve the integrity of the inner bore 
surface, but, in general, the following precautions should be observed: 

- do not stand on or otherwise crush tubes, which could cause problems at the fibre blowing 
phase; 

- do not bend or cause the tube to bend at diameters less than those specified by the 
supplier; 

- do not stretch the tube by attempting to install excessive lengths or by using faulty pay-off 
equipment; 

- do not twist the tube, unreel by rotating the pay-off drum and not by feeding over the flange; 

- do not allow tubes to be contaminated by water or dirt. Seal tubes if necessary before 
installation; 
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- re-seal unterminated tubes after installation; 

- fleeting of tubes on longer runs may need a larger area than with cables; 

- when pulling in by rope, always use a swivel; 

- identify. and label tubes at both leading and trailing ends; 

- cable ties should only be tightened sufficiently to secure the tube in position and must not 
deform the tubes. 

C. 3.9.2 Fibre and cable installation 

Prior to the installation of fibres, it is advisable to ensure the integrity of the tube route. This 
can be achieved by conducting pneumatic tests in order to prove the integrity of the tube wall 
and the uniformity of the tube bore. When using compressed air and particularly if the bore 
diameter is checked by small spheres (indoor tubes), or larger shuttles (outdoor tube), the 
following precautions should be observed: 

- test site should be adequately guarded and warning signs posted; 

- safety glasses must be worn; 

- pressurized supply hoses must be firmly secured; 

- do not exceed the recommended pressures; 

- a blown sphere or shuttle test should not be undertaken without first ensuring that provision 
has been made to capture the sphere or shuttle at the remote end, and that the tube to be 
tested has been positively identified at each end. 

The efficient installation of fibres or cables into the tube network often requires the use of 
specially designed fibres or cables and specially designed equipment such as air 'supply 
modules, insertion tools and pay-offs. The supplier normally provides instructions regarding 
compressor pressures and capacities, insertion techniques to prevent kinking and crushing, 
and the use of lubricants. 

When installing cables in long tube routes, it may be necessary to use a pulling shuttle 
attached to the leading end of the cable. Such shuttles should be short in length and attached 
in a manner that allows independent movement. Alternatively, if the use of shuttles is to be 
avoided, a cascade method of blowing may be used as shown in figure C.4, with short tube 
lengths between each blowing point. 
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Figure C.4 - Cable installation by cascade blowing 

C.3.10 Cable location 

Where optical fibre cables with little or no metallic content in their construction are directly 
buried, the question of location at a later date should be considered at the time of installation. It 
may be appropriate to use an overground post-marking system or to bury a locating wire with 
the cable, and to use discrete buried markers at the splice points. 

35 



IS 13882 ( Part 1/Sec1): 2001 
IEC 60794-1*1 (1999) 

C.4 Lightning protection 

C.4.1 General remarka 

Optical fibres are not susceptible to lightning surges but they are often incorporated in cables 
with a metallic content. Therefore, apart from the possibility of adopting non-metallic cable 
designs, the methods used to protect optical fibre cables are of the same type as those used 
for metallic cables adapted to suit the longer lengths, and ITU-T Recommendation K.25 should 
be observed. 

C.4.2 Reference document 

ITU-T Recommendation K.25:(05/96), Protection of optical fibre cables 
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AMENDMENT NO. 



Page 1 

CONTENTS 

Add the title of a new annex D as follows: 

Annex D (informative) Guide to hydrogen effects in optical fibre cables 

Page 36 

Add, after annex C, a new annex D as follows: 
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Annex D 

(informative) 



Guide to hydrogen effects in optical fibre cables 



D.1 General 

There is extensive application of optical fibre cables worldwide both for terrestrial and subsea 
environments with the provision of stable transmission characteristics over many years. 

In the early 1980's it was established that some optical fibre designs in certain cable 
constructions were prone to hydrogen induced attenuation increases. The mechanism of the 
hydrogen induced loss was quickly established and after extensive research and development 
programmes, fibre designs were optimized to minimize the effects. Cable designers 
established suitable design rules and optimized the selection of cable materials to also 
minimize the effects of hydrogen induced attenuation increases during service life. 

The magnitude of any hydrogen induced effect depends on the cable type and its operational 
environment. 

In the case of suitably designed single mode fibre cables for terrestrial applications, there is 
sufficient experience to negate any requirement to test cables for significant concentrations cf 
hydrogen which could cause an increase in optical loss due to the benign environment with 
respect to hydrogen activity. 

The induced loss for single mode fibre due to hydrogen at a partial pressure of up to 10 4 Pa 
(98,692 ppm) is no greater than 0,03 dB/Km and 0,06 dB/Km, at 1 310 nm and 1 550 nm 
respectively. The dynamic equilibrium pressure or balance of hydrogen within a terrestrial 
cable with no hermetic barrier will be significantly less than 10 4 Pa, and therefore, optical 
reliability is ensured. Typical values of 40,5 Pa equivalent to 400 ppm have been measured 
for duct cable several years after installation [1]*. At these partial pressures, the attenuation 
increase is insignificant. 

D.2 Evaluation of hydrogen induced effects 

Depending on the cable type and its planned operational environment, an evaluation of 
hydrogen induced effects [2]* may or may not be warranted. Table D.1 offers a guide to the 
necessity to evaluate cables for hydrogen induced attenuation increases. 
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Table D.1 - Evaluation criteria for single mode (SM) and multimode (MM) 

optical fibre cables 



Cable construction 


Application / environment 


Direct buried 


Duct 


Aerial 


Sub-aqueous* 


Submarine 


SM 


MM 


SM 


MM 


SM 


MM 


SM 


MM 


SM 


MM 


Metallic 


1 


2 


1 


2 


1 


2 


2 


2 


2 


•* 


Non-metallic 


1 


2 


1 


2 


1 


2 


1 


2 


*• 


•• 


Dissimilar metals 


1 


2 


1 


2 


1 


2 


2 


2 


2 


•• 


Hermetic barrier 
(i.e. metallic tube) 


1 


2 


** 


*• 


1 


2 


2 


2 


2 


• • 


1 No evaluation. 

2 Evaluation is recommended at the research and development phase of the cable construction 
involved 

River crossings - short distance (no evaluation required if hydrogen absorbing materials are included 
within the cable). 

** Cable constructions not applicable 



D.3 Hydrogen effects in optical fibre cables 

Both single mode and multimode optical fibre cables can degrade optically due to the 
accumulation of hydrogen gas within the cable structure during its operational lifetime. The 
magnitude of the effect depends on the following factors: 

• the fibre type, its dopant composition/concentration and its inherent susceptibility to 
hydrogen induced attenuation increase; 

• the levels of hydrogen gas (i.e. partial pressure) generated in the cable during its 
operational lifetime; 

• the design of the cable and, in particular, the choice and combination of materials used in 
its construction; 

• the installation environment, including its operational temperature. 
Hydrogen gas may build up within a cable from: 

• hydrogen released from the cable components, including that associated with long term 
ageing effects on the materials; 

• hydrogen contained in pressurized air pumped into the cable; 

• corrosion action of the metallic elements in the presence of moisture; 

• biological corrosion by sulphate reducing bacteria. 

The optical loss mechanisms due to hydrogen can be classified as: 

• a reversible interstitial effect associated with diffusion of the H ? molecules into the silica 
glass fibre. The effect is very similar for all fibre types (both multimode and single mode) 
and its magnitude is linear with the partial pressure of hydrogen; 

• a permanent chemical effect due to hydroxyl formation through chemical combination 
of diffused hydrogen molecules and defect sites in the silica glass fibre. The magnitude of 
the effect is related to the square root of the partial pressure of hydrogen 
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Single mode fibres are two to three orders of magnitude less sensitive to this permanent 
chemical effect by H2 compared with multimode fibres. For single mode fibres, the 
permanent loss will be much smaller than the interstitial loss, even after 25 years in a 
hostile operational environment. This is in direct contrast to the case for multimode fibres: 

• a wavelength dependent loss which is only experienced at elevated temperatures (in 
excess of 60 °C) in single mode fibres, and is again much smaller than the interstitial loss 
observed at ambient temperature; 

• monitoring the loss increases at the characteristic wavelength of 1 240 nm and 1 380 nm 
is a good indicator of both the interstitial and permanent chemical effects. 



D.4 Reference documents 

[1] S. Hornung, S.A. Cassidy, M.H. Reeve "The distribution of H 2 gas along an inland optical 
fibre cable". Symposium of Optical Fibre Measurements 1984, National Bureau of 
Standards, NSB-SP-683, pp. 85-88, Oct. 1984. 

[2] ITU-T Recommendation L. 27(1 0/96) - Method for estimating the concentration of 
hydrogen in optical fibre cables 
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IEC 60793-1-1 (1995) 
IEC 60793-1-2 (1995) 

IEC 60793-1-3 (1995) 



Test on gases evolved during combustion of materials from cables — Part 1 : 
Determination of the amount of halogen acid gas 

Test on gases evolved during combustion of electric cables — Part 2: 
Determination of degree of acidity of gases evolved during the combustion 
of materials taken from electric cables by measuring pH and conductivity 

Optical fibres — Part 1 • Generic specification — Section 1 . General 

Optical fibres — Part 1: Generic specification — Section 2: Measuring 
methods for dimensions 



Optical fibres — Part 1: Generic specification 
methods for mechanical characteristics 



Section 3: Measuring 



IEC 60793-1-4 (1995) Optical fibres — Part 1: Generic specification — Section 4: Measuring 

methods for transmission and optical characteristics 



IEC 60793-1-5 (1995) 

IEC 60793-2 (1992) 
IEC 6081 1-1-1 (1993) 



IEC 60885-1 (1987) 
IEC 61034-1 (1997) 
IEC 61034-2 (1997) 
IEC 61300-2-1 (1995) 
IEC 61300-2-2 (1995) 
IEC 61300-2-4(1995) 
IEC 61300-2-5(1995) 
IEC 61300-2-6(1995) 



Optical fibres — Part 1- Generic specification — Section 5: Measuring 
methods for environmental characteristics 

Optical fibres — Part 2: Product specifications 

Common test methods for insulating and sheathing materials of electric 
cables — Part 1 : Methods for general application — Section 1 : Measure- 
ment of thickness and overall dimensions — Tests for determining the 
mechanical properties 

Electrical test methods for electric cables — Part 1: Electrical tests for 
cables, cords and wires for voltages up to and including 450/750V 

Measurement of smoke density of cables burning under defined conditions 

— Part 1 : Test apparatus 

Measurement of smoke density of cables burning under defined conditions 

— Part 2: Test procedure and requirements 

Fibre optic interconnecting devices and passive components — Basic test 
and measurement procedures — Part 2-1 : Tests — Vibration (sinusoidal) 

Fibre optic interconnecting devices and passive components — Basic test 
and measurement procedures — Part 2-2: Tests — Mating durability 



Fibre optic interconnecting devices and passive components — Basic test 
and measurement procedures — Part 2-4: Tests — Fibre/cable retension 

Fibre optic interconnecting devices and passive components — Basic test 
and measurement procedures — Part 2-5: Tests — Torsion/twist 

Fibre optic interconnecting devices and passive components — Basic test 
and measurement procedures — Part 2-6: Tests — Tensile strength of 
coupling mechanism 

IEC 61300-2-12(1995) Fibre optic interconnecting devices and passive components — Basic test 

and measurement procedures — Part 2-12: Tests — Impact 

Fibre optic interconnecting devices and passive components — Basic test 
and measurement procedures — Part 3-1: Examinations and measure- 
ments — Visual examination 

IEC 61 300-3-1 1 (1 995) Fibre optic interconnecting devices and passive components — Basic test 

and measurement procedures — Part 3-1 1: Examinations and measure- 
ments — Engagement and separation forces 

Only the English language text of the International Standard has been retained while adopting it in this 
Indian Standard. 
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ments or edition by referring to the latest issue of 'BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc : No. Lin 27 (l 838). 



Amendments Issued Since Publication 



Amend No. 



Date of Issue 



Text Affected 



BUREAU OF INDIAN STANDARDS 

Headquarters : 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110 002 
Telephones : 323 01 31 , 323 33 75, 323 94 02 

Regional Offices : 



Central 



Eastern 



Manak Bhavan, 9 Bahadur Shah Zafar Marg 
NEW DELHI 110 002 



1/14 C.I.T. Scheme VII M, V. 
KOLKATA700 054 



P. Road, Kankurgachi 
Northern : SCO 335-336, Sector 34-A, CHANDIGARH 160 022 
Southern : C.I.T. Campus, IV Cross Road, CHENNAI 600 1 13 



Western 



Branches 



Manakalaya, E9 MIDC, Marol, Andheri (East) 
MUMBAI 400 093 



Telegrams : Manaksanstha 
(Common to all offices) 

Telephone 

f 323 76 17 
\ 323 38 41 

f337 84 99, 337 85 61 
1337 86 26,337 91 20 



{ 



60 38 43 
60 20 25 



f254 12 16,254 14 42 
\ 254 25 19, 254 13 15 

f 832 92 95, 832 78 58 
1832 78 91,832 78 92 



AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. 
FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. 
LUCKNOW. NAGPUR. NALAGARH. PATNA. PUNE. RAJKOT.THIRUVANANTHAPURAM. 
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